The non-answered question about the role of fibrinogen in atherosclerosis is whether increased fibrinogen per se is responsible for cardiovascular risk or it is merely a marker of the underlying vascular disease. Indeed fibrinogen, which is an acute phase reactant, could be only a marker of the inflammatory process which is likely to play a role in atherosclerosis. Many observations can support this hypothesis.
In the inflammatory state fibrinogen increases with peripheral leukocyte count [1] . Leukocytes increase fibrinogen synthesis by secreting interleukin-6 under stimulus from fibrinogen degradation products [2] . The pathogenetic role of inflammation in the development of atherosclerosis is supported by recent studies showing that interleukin-1 and tumour necrosis factor are able to reverse the functional non-thrombogenic properties of normal endothelium towards prothrombotic changes, enhancing the generation of thrombin at the endothelial surface [3] [4] [5] [6] . Polymorphonuclear leukocytes can activate platelets [6] , which stimulate the adherence of monocytes to surfaces [5] and the endothelial expression of leukocyte adhesion molecules [7] . Therefore, it appears that during inflammation the endothelium displays properties similar to those of the platelet surface, becoming a thrombogenic environment. In atherogenesis the insudation of lipids in the arterial wall could induce a local inflammatory reaction, with production of proteolytic enzymes, cytokines and growth factors (platelet derived growth factor, etc.), which in turn could amplify the inflammatory process and induce the proliferative reaction of fibroblasts and smooth muscle cells [8] . The release of elastase by activated granulocytes in atherosclerotic plaques has been recently taken as a marker of coronary artery disease, since elastase in plasma appeared to be higher in patients than in control subjects and in patients with complex atheromatous plaques than in those with simple plaques [9] .
Inflammation is associated with both hypercoagulability (increased fibrinogen, factor VIII, platelets) [1] [2] [3] [4] [5] [6] [7] and hypofibrinolysis (increased expression of plasminogen activator inhibitor-1, PAI-1) [10] . Plasma levels of fibrinogen were found to be associated with the severity of atheromatous involvement of the arterial walls [11] . There is constant deposition and lysis of fibrin within the atherosclerotic arterial wall, and in animal models the amount of fibrin deposited in the arterial walls appeared to be dependent on fibrinogen concentrations [12] . The inverse relationship between fibrinogen concentrations and clot deformability [13] and the increased platelet aggregability in the presence of high levels of fibrinogen [14] appear to contradict the previous opinion that fibrinogen levels exceeding those needed for normal hemostasis could not increase thrombogenesis.
To strengthen the importance of clotting in inflammation, we wish to report recent data from Yamamoto et al. [15] , showing that clotting of normal human plasma caused the generation of a monocyte chemotactic factor with an apparent molecular mass of 45 kDa. The generation of the chemotactic activity was not observed in clotting of plasma deficient in blood coagulation Factor XIII (fibrin-stabilizing factor), but it normally appeared when the deficient plasma was reconstituted with Factor XIII or a tissue transglutaminase [15] . Upon activation by thrombin, Factor XIII catalyses a -and g -chain polymerization of fibrin monomers, conferring fibrin mechanical strength and elasticity; besides, it appears to play a crucial role in fibrinolysis by catalysing the crosslink of a 2-plasmin inhibitor, the primary inhibitor of plasmin and Factor XIIIa best substrate, into a -chain of fibrin, providing early protection of fibrin from premature lysis by plasmin [16] [17] [18] . Given the above evidence, Yamamoto et al. [15] likely discovered a novel mechanism which links the transglutaminase of the clotting system with inflammation.
Role of fibrinolysis in atherosclerosis
An important issue being debated is whether the multitude of epidemiological and clinical studies provide insight into the mechanisms of atherosclerosis or merely reflect the consequences of existing artery disease. In other words, is the fibrinolytic derangement a consequence of inflammation and endothelial dysfunction or a constitutive abnormality predisposing the atherosclerosis and thrombosis? The unifying hypothesis could be that, after the endothelial dysfunction is triggered by inflammation, increased plasma [19] or plaque [20] PAI-1 levels might contribute to aggravate the underlying vessel injury by further promotion of thrombosis and matrix deposition. With current data it is likely that plasminogen/plasmin system is involved in the development and progression of atherosclerosis [13, 19] . Epidemiological studies showed that impaired fibrinolysis and increased level of PAI-1 correlated with re-infarction and degree of coronary heart disease [19] . Further support for such a hypothesis comes from recent studies with transgenic mice over-or under-expressing components of the fibrinolytic system. Mice with 'fibrinolytic knock-out' for the suppression of t-PA or u-PA gene function were found to be more susceptible to the development of thrombosis induced by endotoxin-mediated endothelial damage and developed accelerated neointima formation after vascular trauma [21] . Cellular, fibrin and platelet-rich venous occlusion was also observed in transgenic mice over-expressing PAI-1 [21] .
Finally, to complete such a complex scenario, the last glance should be at the interesting but unresolved issue of atherosclerotic activity of lipoprotein(a) (Lp(a) ). The selective affinity between interacting molecules as a means of regulating a specific reaction has been recognized: i. e. plasminogen binding to fibrin [22] , fibrinogen binding to plasminogen [23] . Given the striking similarities between the amino acid sequence of apoprotein(a) and the structure of plasminogen [24] , the competitive inhibition of the binding of plasminogen to fibrinogen by Lp(a) might reduce fibrinolysis both in blood and on cell surfaces.
What is the role of fibrinolysis in diabetes?
Given the above evidence, the same conclusions should hold true for early atherosclerosis in diabetes, where high levels of PAI-1 have been shown in patients with IDDM at risk for atherothrombotic complications [25] . A number of studies have shown the correlation between high plasma level of PAI-1 and hyperinsulinism [26] , a feature of NIDDM diabetes, obesity and possibly of IDDM patients on insulin treatment. In euglycaemic clamp studies, insulin infusion appeared to increase the plasma level of PAI-1 [27] . In order to rule out the contribution of hepatocytes to the release of PAI-1 in the systemic circulation and to assess the endothelial response to the infusion of insulin, we used a human model of 'functionally isolated' vascular district where the brachial artery and vein were cannulated, so that veno-arterial difference in PAI-1 concentration could reasonably represent the net production of endothelial PAI-1. A twofold expression of PAI-1 was observed after a one and a half hour infusion of insulin to a final concentration of 100 m IU/ml (Fig. 1) . If confirmed, these results suggest that increased endothelial expression of PAI-1 induced by insulin could cause a shift in the balance between fibrinolysis and coagulation toward the latter, contributing to the accumulation of fibrin within the arterial walls and therefore to the progression of atherosclerotic disease. The finding of high plasma levels of thrombin-antithrombin III complexes in IDDM patients [25] further strengthens the notion that increased thrombin generation for oxidative stress [28] or hyperglycaemia might cause excess intravascular fibrin production, either directly or by inducing PAI-1 overexpression by endothelial cells.
Conclusions
Epidemiological, clinical and experimental observations suggest that both enhanced fibrin generation and poor fibrinolysis could play a role in atherosclerosis and its complications. Patients with diabetes reportedly show a complex pattern consistent with the proneness to generate fibrin poorly degradable by plasmin, likely for the impairment of fibrinolytic potential. Fibrinogen, according to Dr. Ceriello, appears a strong predictor of cardiovascular disease in diabetes. Thus, the answer could be: let us lower fibrinogen! Unfortunately, to what extent and at what stage hyperfibrinogenaemia, clotting and lysis of fibrin(ogen) might affect the atherosclerotic lesions should be clarified further and we do not feel comfortable supporting such an idea, especially because at present we lack a drug which can act selectively to lower fibrinogen. Besides, the possibility that hyperfibrinogenaemia is an epiphenomenon should not be disregarded. Given the extraordinary opportunity disclosed by genetic engineering, efforts could be better addressed to challenge single gene deficiency (tPA deficiency, plasminogen deficiency) with different pathological situations such as inflammation, hyperglycaemia and atherosclerosis. Before any pharmacological approach, high priority should be given to define the role of fibrinolysis in atherosclerosis, since the modulation of the fibrinolytic system could be the right approach to prevention.
